Peculiar properties of morphological structures of organelle membranes were studied by fluorescent confocal microscopy. The list of objects in our experiments was represented by mitochondria, chloroplasts and vacuoles. During this study, identification of lipid microinclusions having the form of such lipid-protein structural microformations as lipid-protein microdomains, vesicles and membrane tubular structures (cytoplasmic transvacuolar strands and nanotubes) located in organelle membranes or bound up with them was conducted. Such membrane probes as laurdan, DPH, ANS and bis-ANS were used. Comparison of fluorescence intensity of these membrane probes was conducted. This investigation of the morphological properties of lipid-protein structural microformations was accompanied with analysis of 1) the phase state and 2) dynamics of microviscosity variations in the membrane elements of isolated plant cell organelles. Distributions of laurdan fluorescence generalized polarization (GP) values for the membrane on the whole and for the intensively fluorescing membrane segments were obtained. It was discovered that the microviscosity of intensively fluorescing membrane segments essentially differed from the microviscosity of the rest part of the membrane. In conclusion, some results of the study of peculiar properties of lipid-protein structural microformations related to the structure of organelle membranes and the discoveries made in this investigation are discussed. 
Introduction and Problem Statement
As obvious from earlier publications of several authors, the cell membrane is characterized by mobile lateral nonhomogenieties of its lipid content represented in the form of microinclusions [1] [2] [3] . These microinclusions may be studied in experiments presuming 1) visualization of the cell membranes with finding out examples of such microinclusions and 2) investigation of their characteristics.
The stimulus for our investigation was absence of plausible knowledge about the structure and the functions of lipid-protein microformations in cell organelles, as well as the interest to the unusual membrane microinclusions registered in our observations earlier [3] . In particular, the domain structure of vacuolar membranes has not been plausibly scanned and investigated before. Meanwhile, some authors are in the position of attributing them rather specific functions (say, trafficking, signaling, etc.), while doing it prior to plausible registrations and detailed investigations of such microformations. The authors are sure that any intuitive evidence in science is insufficient. The point is that the study of microformations has to be continued. The reliable results are needed by biology and medicine.
Understanding of the structure and the true functions (role) of such microformations in membrane activity is essential not only from the viewpoint of advancements in biology in principle but also in the aspect of problems of cell medicine and pharmacology. For example, it is known that there are drugs for heart attacks and elevated blood pressure, which are oriented to either stimulation or blockage of ion transmembrane activity in organelles. As far as investigations of mitochondria are concerned, it is known that efficient are translational techniques of mitochondrial disfuction diagnostics in patients suffering chronic myocardial ischemia or brain ischemia. The same concerns vacuoles, in which the potassium transport is driven by vacuolar H + -ATPase (V-H + -ATPase).
On the first stage of our investigation, we planned to identify and study lipidprotein microinclusions in organelle membranes considered as the membrane nonhomogenieties having the form of diverse microformations in which lipids were seen to be quantitatively dominant.
The list of objects of our experiments was represented by mitochondria, chloroplasts and vacuoles. It is expedient to note that vacuoles are the objects whose investigation was ignored for a long time in connection with the complexity of work with such objects, furthermore, considered as inessential. Understanding of the role of this organelle changed after some recent publications [3] [4] [5] . The relations of vacuole with cytoskeleton elements [18] (for example, with actin microfilaments) can be traced [15] [20] . Furthermore, when the cell prepares for mitosis, transformations of the vacuolar membrane structure may take place [15] . Any vacuole is known to be more active, when the cell consumes various compounds in the process of pinocytosis [4] . Any cell actively reacts to osmotic stress conditions [16] .
It has been shown already in the 1990s, the vacuolar membrane is characterized by definite order of the lipids, which exist in it in the form of some forma- 2) assess a) the phase states and b) the dynamics of local microviscosity and its variations in the organelle membrane elements of isolated plant cell organelles.
Some results of identification of some details of the vacuolar membrane morphology as well as its structural peculiarities in the norm and under osmotic stress are discussed.
Materials and Methods
Our experiments were conducted on isolated vacuoles ( built into the confocal microscope was used to register single photons.
Results
Visualization of the vacuolar membrane structures was conducted with the use of fluorescent probes (filipin, laurdan, ANS, bis-ANS, DPH). 
Discussion
It is known that a plant cell vacuole represents an active organelle, which may acquire some complex architecture in the process of preparing for cell division.
In recent years, the attention to investigations related to biological membranes has been attracted to the structures of cylindrical form, i.e. to so called "membrane nanotubes", having the diameter from several decades to hundreds of nanometers [2] . This attention is explained by the fact that many cellular processes (for example, such processes as endocytosis and fusion of cells) are bound up with formation of unusual membranes and/or trans-membrane structures.
Membrane tubular structures (MTSs) looking similar to the ones registered in our experiments were earlier identified in cell extracts [25] . Only one simple attempt to explain the formation of MTSs in the process of endocytosis is known For example, it has been demonstrated in experiments with GUV that-in course of formation of МТSs-there takes place a process of dynamic clusterization of such a motor protein as kinesin [31] . There are also discussions in the literature related to the probability of influence of cytoskeleton elements upon the membrane's structure. These data were obtained on both artificial and natural membranes. For example, it was shown in the studies of GUVs that the actin networks bound up with the membrane may themselves determine the time and the place of membrane microdomain formation [32] . It has also been demonstrated that trans-membrane proteins in animal cells (together with cytoskeleton proteins) are capable of integrating of membrane lipids into large microdomains under definite conditions [33] .
It is logical to assume, firstly, that unique membrane structures (vesicles (Figure 3(b) ) and nanotubes (Figure 4) ) observed in our experiments may participate in implementation of some definite cellular functions, say, the transport function. Many authors tend to discuss such functions as trafficking, signaling, etc., but unfortunately, on the basis of model experiments with artificial membranes. So, their assumptions has to be proved for natural membranes, in vivo.
Secondly, it is natural to state that MTSs observed in our experiments have a lipid-protein nature. Indeed, these are well-stained by lipid affinity membrane probes and possess the microviscosity close to that of the vacuolar membrane.
Microviscosity was assessed via GP values of laurdan fluorescence, the data can be found in our publication [3] . Thirdly, on account the data on existence of the dynamical relationship between 1) the cytoskeleton and the vacuole [15] [20] and 2) the cytoskeleton and the MTSs [25] [28], we have assumed that the structures observed in our experiments are related to the vacuolar cytoskeleton elements. Tubular-like transvacuolar strands inside vacuoles were earlier registered in membranes of some cells [16] [34] . Furthermore, transvacuolar strands in cell vacuoles in the culture of Arabidopsis thaliana protoplasts were discovered to possess a rather complex structure. Their transformations are supposed to be bound up with actin filaments [15] . Vesicular structures gemmating from the vacuolar membrane and the tubular-like transvacuolar strands inside vacuoles observed were earlier discovered in membranes of other plant cells [16] [34] . Effects of influence of osmotic stress upon the membrane's state and upon formation of vesicles are, no doubt, of interest. Formation of vesicles has been described for the onion epidermis cells under osmotic stress [16] . It is characteristic that in this case the exocytosis vesicles do not completely separate from the plasma membrane, but remain linked to it by a thin thread going from the membrane. Such a connection between the vesicle and the membrane is supposed to be important from the viewpoint of successful process of subsequent deplasmolis [16] .
It has earlier been discovered that in some cases, in the process of endocytosis, the vesicles do not completely separate from the cytoplasmic membrane, but remain connected with it via a thin (~20 nm) membrane nanotube [35] . Such decomposition is natural, say, in cases of osmotic influences. In our case, such a decomposition took place under either hyper-or hypoosmotic conditions. An explicit example of the result of vacuolar membrane decomposition into many vesicles under hyperosmotic stress is shown in Figure 3(b) , where one can see an image obtained at the moment, when the upper part of the vacuole has already burst (and is completely absent), and the focal plane of the confocal microscope is 5 μm from the basement, where the ring of vesicles lying on the bottom is observed. As obvious from the observations of the same preparations in dynamics, the breach of the membrane's integrity is not always entailed with decomposition of the vacuole. In cases of occurrence of local membrane defects, the vacuole looses some part of its internal content, so, some of the membrane nanotunes could proceed out of the vacuole. After that, the place of the defect may be "cured", and the integrity of the membrane restored.
In our observations we discovered the cases of complete decomposition of membrane vacuoles in dynamics. This decomposition was accompanied with mass formation of vesicles instead of the membrane (Figure 6 ). Gemmation of vesicles from the vacuolar membrane observed took place sooner in the form of either endocytosis or exocytosis, and in these cases, the vesicles were observed both inside and outside the decomposed vacuole.
Analysis of the data related to fluorescence of membrane probes allows one to draw preliminary conclusions on the phase state (and density) of the membrane's substance [36] .
In our case, mean GP values reflecting 1) fluorescence of the domains characterized by an increased fluorescence intensity and 2) fluorescence of the membrane on the whole were plausibly different (−0.22 and −0.04, respectively, p < 0.05, the Mann-Whitney criterion). Meanwhile, the character of distribution of Analysis of the data on fluorescence of membrane probes allows one to assess also the microviscosity of the lipid membrane's matrix [3] [23] [36] . For example, membrane's microviscosity may be assessed by variations in the fluorescence spectra [37] . In our experiments, we have obtained distributions of laurdan fluorescence GP values for the vacuolar membrane on the whole and for intensively fluorescing membrane segments. In such segments, microviscosity may substantially differ (be either increased or decreased) from the rest part of the membrane. It has been ascertained that the vacuolar membrane is stained non-homogeneously. Furthermore, the domains are characterized by an explicit affinity to definite membrane probes [3] . Such segments may probably represent the clusters characterized by intensive processes of lipid-protein formation, in which proteins play the dominant role [5] [38] . It also known that such segments are characterized by high mobility [39] [40] . These facts have been confirmed in our investigation. The tracks registered in Figure 5 determines the rate of translational and rotational motions of the molecules (including membrane's protein molecules) [41] . Possibly, that is why variations of microviscosity are considered as an important physiological reaction of the cell and its membrane, which is conditioned by processes of adaptation of the organism to external factors [42] . Variations of membrane's microviscosity are also assumed to incur variations in membrane's permeability as well as variations in the activity of the membrane proteins (existing in the forms of enzymes, ion channels, receptors) [43] . This, in turn, leads to the development and (or) intensification of regulatory reactions oriented to organism's adaptation to unfavorable environmental conditions.
Conclusions
In course of the first stage of the present investigation 1) visualized were the vacuolar membranes, 2) mobile lateral nonhomogenieties of its lipid content were identified in the form of such lipid-protein structural formations as lipid-protein miscodomauns, vesicles, cytoplasmic strands and nanotubes located in the plant cell, in vacuolar membrane or bound up with the latter; 3) distribution of lipids on the surfaces and inside above structural formations was assessed; 4) assessed were the phase states and the dynamics of local miscoviscosity and its variations in the zones of vacuolar membrane elements.
On account of the facts revealed in our investigation it is possible to state the following.
1) Application of filipin as a sterol binding probe has given us the posiibility to reveal that an isolated vacuolar membrane is stained nonhomogeneously (Figure 1 ). This is obvious in the processes of scanning the central part of vacuoles (Figure 1(a), Figure 1(b) ) and its upper (with respect to the surface layer) surface (Figure 1(c) ). In the latter case, a substantial membrane surface remains in the focal plane of the microscope. This allows to assume that there are two types of large domains on the membrane: sterol-containing and steroldeficient (containing sterols in very small quantities) ones. Furthermore, small sterol-enriched zones were registered.
2) A dependence of the character of interaction between filipin and membrane sterols on the filipin concentration was revealed (Figure 2) . In is obvious that the domain organization of location of sterols in tonoplast is retained within the band of filpin concentrations of 1 to 5 μM (Figure 2(a), Figure 2(b) ). Meanwhile, this domain organization is violated (and acquires a complex networktype character) in case of increase in the concentration of filipin (Figure 1(c) ). This is probably bound up with some nonspecific interaction of filipin molecules with the membrane sterols under high filipin concentrations. Deeper undestanding of these interactions between membrane sterols and filipin necessitates some additional investigations.
The present investigation has given the following discoveries:
• Vacuolar membranes isolated in the solution (isotonic with respect to that of the cell sap of roots) are stained nonhomogeneously. This is especially ob-vious from the results of scanning the upper (with respect to the basement) surface of the vacuole, a substantial membrane surface occurs in the microscope's focal plane. In this case, fluorescence intensity of the probes is not the same not only in different parts of the membrane but also for various vacuoles. According to our data, fluorescence intensity of different vacuoles differs by 2 to 3 times.
• Membrane clusters rich in lipids are characterized by an elevated density of packaging of protein and lipid molecules, and by microviscosity, which is higher than that of the rest (surrounding and more liquid) part of the membrane. Membrane nanotubes were observed both inside and outside the vacuoles, and in case of scanning intermittently at equal time intervals observed were transitions of vesicles with the nanotube (Figure 5 ).
• An effect of vacuolar membrane decomposition into many vesicles under hyperosmotic stress (shown in Figure 3(b) ).
• An effect of complete decomposition of membrane vacuoles in dynamics, Furthermore, it may be of interest to investigate the dependence of the organelle membranes on the complex of cell cytoskeleton elements. Such an investigation may be perspective from the viewpoint of redefining the functional role of all the cell's structural elements discussed above.
